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Part 1. U´Ť�i 
1-1. KÔŤ��ŧU´�

WĲò (WĲ•��•]_ò) ţŧžƏƙƁƜŧ¼Ŷ�

žƏƙƁƜŧ¼ŶƟĺÀ → �À�

WĲ   5800 K 
��   500~40 K 

]_   3 K 

(K = °C +273) 
øhÀx�
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WĲòŧ���

V�\ÞĔĬ� µ�� ĭ�� KÔ� Ã�� £�� H�� VÒ�

WĲŐųŧěĵ (KÔ=1) 0.39 0.72 1 1.52 5.20 9.53 19.2 

*ĜC¢ (u) 0.24 0.62 1 1.88 11.9 29.5 84.0 

āĜC¢ (�) 59 243 1 1.0 0.41 0.44 0.72 

ęħ7} (KÔ=1) 0.38 0.95 1 0.53 11.2 9.4 4.0 

ĘĬ (KÔ=1) 0.06 0.82 1 0.11 319 95 15 

dx (µ=1) 5.4 5.2 5.5 3.9 1.3 0.7 1.3 

WĲ�iĬ (KÔ=1) 6.7 1.9 1 0.43 0.037 0.011 0.003 

;iÑ (źƙƓƜƌ) 0.06 0.78 0.30 0.16 0.73 0.77 0.82 

 4�iÀx (K) 440 224 255 216 88 63 41 
U´ŧ	Ĉ�/� Ç� CO2,N2 N2,O2 CO2,N2 H2,He H2,He H2,He 

ÕèuĆ (2005) ŲŴ�

W�Ypv������yvYpv�

[j�¢]                 [*,¢] 

“O_v”�
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KÔM��ŧU´õ�ŧ³ĝ�

 ´�ĻĻĻĻĻĻĻŇĻĻĻĻĻĭ�ĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻĻKÔ             Ã�    

  CO2 (%)  96   0.04   95 
  N2   3.4   78   2.7 
  Ar              0.01   0.9   1.6 
  O2   0.0   21   0.1 
  H2O   0.0            0.1–1   0.03 
û´I (atm)  90   1   0.006 

KĆ´À (K)  735   287   222 

8ac�

KÔŧXYťU´õ�� Ņ ×Ì»5Ơ  Lovelock (1972) 

w­�B�[J��
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KÔŧU´õ�ŧS6�

�ī6Åô�
īô�

Allègre and Schneider (1994) 

(@�×Ìőƞ�ī6ÅôŸF`ŗƞīôŸ�.ŗŝň�

ņ 6ãÊ�ƞãÄm�

©�“�{”�
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WĲ�iĬŤU´õ�ŧS6Ť´Àŧı �

WĲ�iĬŧQ3�

CO2 (Àb4©ƀƅ) ŧF`�

´ÀŨƞŬŭ	`Ŧ�é�

Kaufman (1997), o� (2000) 

×ÌŤU´ŧà��Ø�

(@�×Ìŧ»5ő»Ý6�
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“²ŧKÔ” ŤÓJŧKÔ�

×ÌŦŲŵ´ÀŧĒ�Ơ�

Lovelock (1988) 

 ´�ĻĻĻĻĻĻĻŇĻĻĻĭ�          “²ŧKÔ”       ÓJŧKÔĻĻĻĻĻĻĻĻĻÃ�  

  CO2 (%)  96   95     95 
  N2   3.4   1.9   78   2.7 
  Ar   0.01   0.1   0.9   1.6 
  O2   0.0   0.0     0.1 

û´I (atm)  90   60     0.006 

KĆ´À (K)  735          ≈ 550     222 

ņ 
 
 
ņ 
ņ 
ņ 

0.04 

21 
1 

287 

(287 ± 10 K) 
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Gaia �Đ�

James Lovelock 
(1919–2022) 

×ÌŤŜŶŸ=ŴqœU´Ũƞ�ŌŦ|ķŸ

:ŭŗťőų)�ŤŗŢ�s�Ÿ!şšš

Ĥ6ŗŢŒŝň�

)�ő	šŧƄƅƉƕ�

Gaia 
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1-2. KÔŧ�i<��

��rh (^¯@) 

5800 K 
250~300 K 

`b   3 K 

  (K = °C +273) “��”�

^¯�

W�    

“|f”�
��rh�

 (/3+5� (–270 °C) 

KÔŨƞWĲ�iŦŲŠŢ�ŰųŶŢŌŵň�

ęT (İ¹) �i�
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řūŢŧÌĘŨƞ“�ŐŖŧx@Ō” Ŧ�ŘŝĬŧ�iŧ 
 

žƏƙƁƜŸTAŒŦ�.řŵňĻĻ⬅︎ĻĻÉĥ5�

• rh�(/3+5��∝ (�g�m)4 

�g�m�(U>, �>, ~> ...) 

»Stefan–Boltzmann��G (�g�m�49G)¼�

 F  ≈ σ T 4                           σ = 5.67 × 10–8 

(W/m2) Stefan–Boltzmanncs�(K) 

• �iŧ¹İĻ∝ 1/(øhÀx) 

λm ≈  2.9/T                           [Wienŧ¸1] 
(mm) (K) 
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ťśŐƠ�

Planck�µ>rh��¡����������Max Planck (1901) 

�g�m�T ��¢ (µ>) ��² (1 m2) 	"\S�
�rE+%$�¬�λ �rh�(/3+5�: Fλ    

                 2π�h c2    
  Fλ = –––––––––––– 
           λ5 (ehc/λkT – 1) 

c : @§¸h, k : ��cs�

1           2          3          4          5          6
�+,,,λ (µm)�

�
�
�
�


�
	F

��

�

1750 K

1500 K

1250 K

2000 K
Fλ

• µ>¥< 

• «_; �

 σ

A(/3+5� : F  (W/m2) 
                          2 π5 k4    
  F = ∫ Fλ dλ�= ––––––– • T 4 
                        15 c2 h3 

                    2.9 
ŇλłĻ(łł)Ļ≈ –––  ơWienŧ¸1Ƣ 
                    T 

·�m�
	"rh«
��$��

'��
�
��
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ÕēŤĊÁŧ³ĝ�

1. ^¯��²	"rE+%$rh: ��rh�

5800 ~ 5900 K 

Gueymard (2004) 

Fλ 

λ  

�
�
�
�
�
�
�5

	�

�

��?�(1978–2003)

µ>rh 5900 K 
(�¡?)�^¯�

Fλ 
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ÕēŤĊÁŧ³ĝ�

2. W��]~6i	"�rh: ¬�rh�

W��

Fλ 
Fλ 

���

255 (K) �
µ>rh�

Kiehl and Trenberth (1997) 

·��]~6i�lX�

m
 255 K ��$�	º�
λ  

�
�
�
�
�
�
�5

	�

�

]~�
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KÔ)�ŧžƏƙƁƜ<��

^¯�
`b�

�

• ^¯���rh�TQ��=�W��¬�rh�rE��

   ^¯cs: R 
(M=²�n�#
�(/3+5�) r : W��Lo�

R π r 2 (1–α) = 4 π r 2 σ Te
4 

   t²�� �²��

α : pv'315. (��rh�g�$lXPh�) 
Te : xIrh�m (]~6i��m) 

Stefan–Boltzmann��G�
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 4�iÀxƟTe 

Te = [(1–α)R/4σ]1/4 

       ≈ 255 K    (–18 °C) 

α¹pv'315.¶Ph�	 ≈ 0.30�

R¹^¯cs ≈ 1360 W/m2 

σ¹Stefan–Boltzmanncs (5.67 × 10–8 W m–2 K–4) 

·W��]~6i�lX�m�¸rh�(/3+5�024,

	"�����$��
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1-3. KÔU´ŧįß°Ģ�

lXW��m ≈ 255 K�
(xIrh�m) 

1. ]~
��ZR�

¬�rh�

áì�

â¹�i�

2. U´őŋŵO@Ļ(1l)  

]~ŧĻŉÀbŊĻIz�(H2O, CO2) ︎

W��m�>> xIrh�m�

( –18 °C) 

“®f” ŧKÔ�

xIrh�m�

[Àb4© = 0]�

238 (W/m2) 
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aĳŧU´: �3iF��eIz�

1 

1 2 

2 3 
W��m ≈ 335 K�

]~i 1 ≈ 255 K 

]~i 2 ≈ 303 K 

• d°�]~�¨��¸��rh�TQ + g���

< 
< 

7i�¸�m
6u�

2i�ZR�

1 

ρ�

z 
(km)�

0�
2�

5�

10�
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ģùÞťU´ (3l/ŧÀb4©+â¹�iŧB<) 

�lG�

�m (K) 

rh�! g��

)-4i�!$�\��TQ�H��

200 315�287 

10 
rh���

(��¸³�) 

´m  
(km) 

0 

(±}��]~) 
h¼G�

h¼ÉĞĠ�“8ac”�

ª�

£�

• g��!$�¤¦�!#¸W�
C +%��$��

���

D��
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]~�m�´mFk (��) 

xIrh�m 
  255 K 

)-4i���\

��TQ�H��

g��

14�
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W�A>�(/3+5Qq�

102 

149 

89 

340 = R/4 

238 

385 341 

238 

^¯� `b�

W��

 105↑ 44↑ 
(71%)               (29%) 

Ohmura and  
Gilgen  
(1993, 2007) 

(W/m2) 

• W��TQ+%$(/3+5�70%:6&¸g�
¤¦��

(287 K) 

(255 K) 

(3 K) 

]~6i�

M=�²�n�#�

(30%) 

(70%) 

g��
�¤¦�
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W�A>�(/3+5Qq�

102 

149 

89 

340 = R/4 

238 

385 341 

238 

^¯� `b�

W��

 105↑ 44↑ 
(71%)               (29%) 

Ohmura and  
Gilgen  
(1993, 2007) 

(W/m2) 

• W��TQ+%$(/3+5�70%:6&¸g�
¤¦��

(287 K) 

(255 K) 

(3 K) 

]~6i�

M=�²�n�#�

(30%) 

(70%) 
��eŊĻIz�g��

�¤¦�

CO2 ń  H2O ń �

+30 K�

h¼,8ØƅƘƈƋ�
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ćĚŀĻÀb (ƓƎƜƙƐŽƅ) ŧÀx��ŧÕÚĻĻĻ�

Àb�

Businger (1963) �
h¼ (T)�

2.�ÀbŧƓƎƜƙĻ(ƀƗƅ)ĻőKĆŐ
ųŧİ¹�iŸB<ŗƞ+�.ŦŲŴ

KĶŸ�Űŵ4©ňĻĻĻĻ[�20 %]�

1. ÀbŧƓƎƜƙĻ(ƀƗƅ) őƞWĲ
ŧâ¹�iŸġĦřŵőƞg��!

$���E&®)Iz�[ó80 %]�

• U´ŧĻŉÀbŊĻ4©Ũƞ2 ŧ4©ŧůň1 ŧh¼�04©ŨťŌň
(U´Ũƞk«ŞŔţRŧťŌÀbň)�

• ÀbŸ�Űŵ4©ŨƞĿĻŧâ¹�iŧġĦŤh¼�04©őó80%�
2 ŧİ¹�iŧ+�.ŧ4©ŲŴó4$UŒŌň�

+30 K�

ƝÀbŧŉRŊőh¼ĥ5ŸĨ��
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1-4. �i<�ŧüx/r�

238 (W/m2) 

r
h
«

  (
W

 m
–2

) 
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�iŧ[ñS6�

â¹�iŧB<Ñ� İ¹�iŧ�.Ñ�

ERBEĊÁƊƜƇ1985Ňby K. Masuda 
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žƏƙƁƜŧĦ�Ě�

CN�
CN�

H��

r
h
«

  (
W

 m
–2

) 
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U´Ť¿ºŧĥ5ŦŲŵ®AŒŧÉĞĠ�
U�Ö�

K
S
�
�
¤
¦
�

 (1
01

5 
W
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U´Ť¿ºŧc��

by K. Masuda 

ŕŧÉĞĠÑő

ŒŮŵŗœů 

→ Part 2-4, 3-4. �

sin(�m)  

� 
m 
°C 

ęħ� ®�

North et al. (1981)�

F = 0 

 [�V]�
F = 6 PW�

F = 12 PW�
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Part 1�����

• KÔŧU´Ũƞ×Ì»5ŧ|ķŦŲŴƞ�ŧKÔM��ŤÜťŵÏÍ
ŧõ�Ÿú�ŗŢŌŵň�

• KÔŧU´�lŧtLÀxĻļ 4�iÀxĽĻŨƞWĲŧâ¹�iŧB
<ÑŤKÔŐųŧİ¹�iŧ�.ÑŧšŴ@Ōŧ¦�ŐųĐ�ţŒŵň�

• U´Àxŧĺx/rŨƞ 4�iÀxŦ3ŎŢƞŉÀbŊ4©ľĻh¼É
ĞĠƞŜŗŢſƆƛlŦŲŵ�ìŧ3Éŧ4©ŐųĐ�ţŒŵň�

• KĆÀxŧüx/rŨƞ�i<�ŧüx/rŦ3ŎƞU´Ť¿ºŧ
U�Öĥ5Ŧ�ōÉĞĠÑ/rŦŲŠŢÍ��ŔųŶŢŌŵň�

Part 2 
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